The effect of 'Zesy002' kiwifruit (Actinidia chinensis var. chinensis) on gut health function: a randomised cross-over clinical trial 
Bowel disorders (functional diarrhoea, functional constipation (FC), irritable bowel syndrome (IBS) with predominant diarrhoea, IBS with predominant constipation (IBS-C) and IBS with mixed bowel habits) are common conditions in the general population (1) . These disorders do not always occur as single entities and are thought to occur as part of a continuum with overlap of symptoms which include episodes of bloating, abdominal pain/cramp and borborygmi (2) . As such, the diagnosis of these conditions is complex but is based on the diagnostic criteria outlined in the Rome IV criteria which define these disorders as 'disorders of the gut-brain interaction classified by gastrointestinal symptoms relating to any combination of motility disturbance, visceral hypersensitivity, altered mucosal and immune function, gut microbiota and/ or central nervous system processing' (2) . As one of these bowel disorders, constipation is highly prevalent with up to 14 % of the general population reporting with the condition (3) . It is characterised by having at least two of six symptoms (straining, lumpy/hard stools, incomplete evacuation, sensation of anorectal obstruction, need for manual manoeuvres and fewer than three bowel movements per week that are infrequent and hard to pass), whilst IBS-C is also complicated by pain, which can be severe and frequent (2, 4) . Sufferers can often be seriously impaired by the effects of these conditions, resulting in a significant impact on their quality of life (5) . Many factors contribute to the development of constipation, including age, diet, lifestyle, use of certain medications, psychological and neurological conditions. It is also more common in females than males (1) . Only one-third of sufferers of constipation seek medical care (6, 7) . The multiple symptoms that are part of the condition make it difficult to manage for sufferers, with current medical therapies such as laxatives, stool softeners and bulking agents having unpleasant side effects that may leave patients dissatisfied. Therapies including fibre supplements such as psyllium are frequently used treatments for constipation and have been shown to be effective (8) . Clinical trials show that compared with a placebo or some laxative therapies, consumption of psyllium leads to an increase in stool frequency and softer stool consistency (8) (9) (10) . It may, however, also lead to an increase in gas or bloating, and the texture/taste of the products may not always appeal to consumers (11) . Other remedies, such as over-the-counter laxatives, different fibre supplements, and lifestyle changes such as increasing water intake and exercise, may not have the clinical evidence supporting their effectiveness (8) . Consequently, effective natural, food-based, convenient alternatives are needed and desired.
A study of forty participants by Attaluri et al. (12) demonstrated that dried plums are one such convenient food product that is an effective treatment for constipation. In that study, consumption of 50 g/d dried plums resulted in a significant increase in stool frequency and softer consistency (P < 0·05) as well as an increase in subjective measures rating gastrointestinal comfort, compared with 11 g/d psyllium or pre-baseline measurements. In other studies, green-fleshed kiwifruit (Actinidia chinensis var. deliciosa 'Hayward') has also been identified as a whole food alternative treatment (13) . Anecdotally, kiwifruit are reported as being effective in assisting with the relief of constipation, with some clinical studies supporting this by reporting a significant reduction in abdominal discomfort in constipated individuals following the consumption of green kiwifruit (13) . The effect is largely attributed to the soluble fibre content of the fruit, which has a high water-holding capacity (ability to incorporate water into the fibre matrix), and high viscosity that helps with faecal bulking and softening (14) .
Further digestive health efficacy may also be related to the activity of actinidin, a proteolytic enzyme that may produce laxative effects, and a high polyphenol content that may also confer further health benefits (15) . Previous clinical trials investigating the performance of 'Hayward' kiwifruit in healthy individuals as well as in older persons, constipated and IBS-C populations showed significant improvements relating to digestive health, including increased faecal frequency and reductions in bowel transit times as well as positive changes in overall wellbeing (16) (17) (18) . Furthermore, no unpleasant side effects have been documented. Whilst the clinical evidence for the efficacy of green-fleshed kiwifruit regarding gastrointestinal comfort and laxation is growing, there are no data concerning the gastrointestinal effects of gold-fleshed kiwifruit. A. chinensis var. chinensis 'Zesy002' is a cultivar of goldfleshed kiwifruit that has been more recently commercialised as Zespri ® SunGold Kiwifruit. It has a slightly different nutritional profile from green-fleshed kiwifruit in that it contains half the total fibre of the green cultivar (1·5 g/100 g fruit as opposed to 3 g/100 g fruit) but the same amount of soluble fibre. It also has less activity of the enzyme actinidin (26 v. 100 % activity). It is, however, higher in vitamin C (160 v. 85 mg/100 g) and contains similar concentrations of other vitamins (such as folate), phytochemicals and minerals, making it a valuable nutrient-dense food (19) . We designed a randomised, single-blinded, positively controlled, cross-over study to examine if A. chinensis var. chinensis 'Zesy002' is effective in increasing bowel movement frequency as measured by complete spontaneous bowel movements (CSBM) and provide relief from other symptoms of gastrointestinal discomfort. The study compared the effect of kiwifruit with a baseline period of no kiwifruit consumption and with that produced by a well-recognised over-the-counter laxative therapy, Metamucil ® , in the treatment of adults with mild constipation. Our aims were to determine the efficacy of three 'Zesy002' kiwifruit as a food-based treatment for the relief of constipation and gastrointestinal discomfort in mildly constipated adults.
Materials and methods

Ethics
This study was conducted according to guidelines laid down in the Declaration of Helsinki and all procedures involving human subjects were approved by the New Zealand Human Disability and Ethics Committee (16STH86). All participants gave written informed consent. The trial was registered with the Australia New Zealand Clinical Trials Registry (ACTRN: 12616000775415p; http://www.anzctr.org.au).
Participants
A total of thirty-five participants were recruited through newspaper and radio advertisements, local district health boards and tertiary institution newsletters, existing participant databases and community adverts. Participants were aged between 18 and 65 years, and had a BMI between 18 and 35 kg/m 2 . Fasting blood glucose concentration was required to be below 6·0 mmol/l. Exclusion criteria included the presence of alarm features associated with bowel habit such as weight loss, rectal bleeding, recent changes in bowel habit (>3 months), abdominal pain, occult blood in stools, anaemia, anal fissures and bleeding haemorrhoids. Participants were also excluded if they had severe IBS-C on the Irritable Bowel Syndrome Symptom Severity Index (IBS-SSI) questionnaire. Additional exclusion criteria included a known allergy or sensitivity to kiwifruit and/or psyllium, inflammatory bowel disease, diarrhoea, previous gastrointestinal surgery (not including appendectomy or cholecystectomy), severe CVD, chronic renal failure, pregnancy or planning to become pregnant in the 3 months following the trial period, and neurological conditions such as multiple sclerosis, spinal cord injury and stroke. Participants diagnosed with conditions requiring the use of selective serotonin reuptake inhibitors, tricyclic antidepressants, opiates or anti-inflammatories were eligible for the study if the condition was stable and the medication had been in use continually at a stable dose for greater than 3 months.
Study design
Subjects were enrolled into a 16-week single-blinded randomised cross-over study (Fig. 1) . All subjects underwent a comprehensive clinical evaluation before commencing the study including collection of anthropometric data and a Chem 20 blood biochemistry panel. Participants were classified as having either FC or IBS-C as defined by the Rome III criteria (Rome Foundation, USA). IBS severity was assessed using the IBS severity score (18, 20) . Individuals were asked to continue with their habitual diet and lifestyle but were requested to exclude kiwifruit, high-fibre supplements and laxatives (except for a prescribed rescue laxative, Bisacodyl) for at least 2 weeks prior to starting the study and during the course of the trial period. A total of thirty-nine participants were screened for eligibility into the study. An initial lead-in period of 14 d was undertaken before the start of the study during which time the participants maintained a daily bowel habit diary to record the number and nature of the bowel motions and faecal characteristics. Participants were then randomised to receive either three 'Zesy002' (Zespri ® SunGold Kiwifruit) per d (Zespri International Ltd) or 2·5 teaspoons of Metamucil ® (Proctor & Gamble Australia Pty Ltd) providing 5 g of fibre per d which is equivalent to the amount of fibre contained in three 'Zesy002' kiwifruit (1·5 g dietary fibre/100 g fruit). Study personnel involved with the participants were blinded to the order of interventions, which were allocated by a biostatistician using computer-generated random numbers. The kiwifruit were delivered to the participants on a weekly basis.
The Metamucil ® was supplied in one 283 g container and participants were advised to discard any remaining product following the completion of the intervention to avoid any further consumption. Participants were able to consume the kiwifruit however they liked but they were asked not to consume the skin of the fruit or to blend the fruit into smoothies. They were also able to consume the Metamucil ® however they liked but they were asked not to heat it directly, and to consume the entire 2·5 teaspoons at one time. Accurate medicine spoons were supplied to each participant to ensure that equal amounts of Metamucil ® were taken. Participants were advised to take two and a half level medicinal teaspoonful full per d, which equated to 14·5 g Metamucil ® powder per d. They were also advised to drink a glass of water with the Metamucil ® . The intervention period was for 4 weeks, after which time participants entered into a washout phase of 4 weeks before being crossed over to receive the alternate intervention for a further 4-week period. Participants were asked to maintain the daily bowel habit diary for the entire study period. A rescue laxative (5 g Bisacodyl suppositories) was available upon request for participants experiencing extreme episodes of constipation during the study; however, if participants did resort to using other laxatives during the study they were asked to record it in their daily diaries. A final washout phase of 14 d occurred following the second intervention.
Measurements
Participants were required to keep a daily bowel habit diary which included questions about the number and nature of their bowel movements, including the spontaneity and completeness of the bowel movements, rate of laxative use, manual manoeuvres, straining and assessing stool form with the Bristol Stool Scale (BSS). In addition, participants completed the Gastrointestinal Symptom Rating Scale (GSRS; AstraZeneca Ltd) on a weekly basis. The GSRS is a validated outcome measure which rates constipation-related symptoms on a sevenpoint Likert scale (from 1: no discomfort at all to 7: very severe discomfort) (21) . At the beginning and end of each treatment phase, participants were asked to complete a validated Rome III criteria for constipation questionnaire as used in screening. In addition, participants were also asked to provide a faecal sample and venous blood sample. Faecal samples were kept frozen at −80°C for analysis at a later date for DNA sequencing of faecal bacterial populations. Venous blood samples were analysed for vitamin C content using HPLC, with electrochemical detection as described previously as a measure of compliance with kiwifruit consumption (22) . Finally, a 3-d diet record was collected at the beginning and end of each treatment phase to evaluate dietary stability across the 16-week study. Mean daily macronutrient intake over the 3 d period was calculated using the dietary programme Foodworks version 8.0 (Xyris Software). The average numbers of serves of fruits, vegetables and meat per d were also calculated.
Outcomes
The primary outcome for this study was a difference in bowel movement frequency as assessed by an increase in the number of CSBM during the intervention periods. A CSBM is defined as a stool/bowel movement that is not caused by taking rescue medications (laxatives/enema) or physical assistance/manual manoeuvres, which leaves a feeling of complete evacuation.
The secondary outcomes for this study were a difference in bowel movement frequency assessed by spontaneous bowel movements (SBM) and complete bowel movements (CBM). SBM is defined as a stool/bowel movement that is not caused by taking rescue medications (laxative/enema) or physical assistance/manual manoeuvres and CBM is defined as a stool/bowel movement which leaves a feeling of complete evacuation and may have been instigated by laxatives or physical assistance. In addition, stool consistency according to the BSS (stool types 1 and 2 indicate hard stools; types 3, 4 and 5 are considered normal consistency, and types 6 and 7 are classified as diarrhoea) was also assessed. Symptoms of gastrointestinal discomfort were measured as a secondary outcome using the GSRS and classified into five domains of diarrhoea, indigestion, constipation, abdominal pain and reflux. The Rome III questionnaire was used to monitor changes in the classification of participants as FC or IBS-C across the 16-week study period.
Sample size calculation
Using data from an unpublished study (RB Gearry, SL Eady, AJ Wallace, H Dinnan, B Kuhn-Sherlock and CA Butts, unpublished results) carried out in Europe in 2014, it was determined that to detect an increase in CSBM of 1·0 per week in an intervention group receiving Zespri ® SunGold kiwifruit compared with a control group receiving Metamucil ® , with 80 % power and 5 % significance, a total of thirty-seven subjects would be required to complete the trial. To allow for a potential 25 % dropout rate, it was aimed to recruit fifty participants to the trial. Because of the limited season of Zespri ® SunGold kiwifruit, recruitment was stopped following the enrolment of thirty-five participants because a study of longer duration would have required kiwifruit to be available after the end of the commercial season, which would have affected fruit composition and quality and, subsequently, may have affected the study results. However, the drop-out rate was much lower than anticipated: thirty-two participants completed the study, giving a power of 75 %.
Statistical analysis
The study was analysed on a per-protocol basis using data from participants who completed the study. Results from the 2-week lead-in period were compared with the results from the ends of the two intervention periods using ANOVA, with person as a random effect and 'intervention' (lead-in, kiwifruit or Metamucil ® ) as a fixed effect. The means of the kiwifruit and psyllium (Metamucil ® ) intervention data were compared with the lead-in period and with each other using least significant differences (at P = 0·017 to allow for multiple comparisons). Residuals were inspected to ensure that the assumptions of ANOVA were met; where they were not, appropriate transformations were used. All means and standard deviations quoted are based on the raw data.
The GSRS questionnaire was completed each week; the average of the week 1 and week 2 results was used as the lead-in value, and the results from weeks 6 and 14 as the 'end of intervention period' values. Similarly, the bowel habit diary was completed daily; the results for the first 2 weeks were averaged to give a per-week value for the lead-in period, and the results from the last 7 d on each intervention were used to calculate per-week 'end of intervention period' values. The counts (number of bowel movements, number of CBM, number of SBM, and number of strained bowel movements) were log-transformed for ANOVA, to stabilise the variance; zeros were replaced with 0·5.
The IBS-SSI questionnaire was completed once, at the start of the trial. The results from the four 100-mm line scales from the IBS-C and FC groups were compared using nonparametric Mann-Whitney tests, since the constipated group had skewed data with many zero or low scores. Analysis was done in GenStat (version 16, 2013; VSNi Ltd).
Results
Subject characteristics
A total of thirty-two participants completed the study (91 % of those enrolled). Three participants withdrew: two withdrawals were for personal reasons and one participant was withdrawn for non-compliance including not consuming any of the study products and not completing any of the required daily questionnaires resulting in no data for this participant. The demographics of the participants are shown in Table 1 . There were no significant differences in the baseline blood biochemistry as analysed by the Chem-20 panel. Self-reported compliance with consumption of the study products was 90 % and the products were well tolerated, with no reports of adverse events relating to the product.
The IBS-SSI questionnaire (Table 2 ) was included for all participants at screening to maintain equitable treatment of all participants. As expected, those with IBS-C reported experiencing abdominal pain and tended to have greater abdominal distention than those with FC that are not symptoms generally associated with the FC condition (4) .
Primary outcome: frequency of bowel movements
The mean number of CSBM was significantly increased by an average of three CSBM per week between baseline and kiwifruit (3·3 (SD 2·9) v. 6·3 (SD 4·5); ANOVA P = 0·004). The mean for kiwifruit was also significantly higher than the mean for Metamucil Secondary outcomes Stool frequency. There was a significant average increase of 1·9 in the total number of bowel movements (7·2 (SD 3·5) v. 9·1 (SD 4·9); P < 0·05) and an average increase of 2·7 CBM between baseline and the kiwifruit intervention (4·2 (SD 3·1) v. 6·9 (SD 4·3); P < 0·05) ( Table 3) . Compared with baseline, there was a non-significant increase in SBM in participants consuming kiwifruit. There were also non-significant increases in all types of bowel movement frequency from baseline in those consuming Metamucil ® . Whilst both treatments increased stool frequency from the lead-in period, there were no significant differences observed in the increase in both total number of bowel movements or CBM between the kiwifruit intervention and the Metamucil ® intervention.
Stool consistency and straining. Compared with baseline, there was a significant reduction of an average of 2 BM for the kiwifruit intervention and an average of 1·2 BM for Metamucil ® in the number of bowel movements associated with straining (P < 0·001). The reduction was not significant between when comparing the two interventions with each other. Following the intervention phase, there was a significant increase in the BSS score indicating softer stool consistency with kiwifruit than at baseline (4·2 v. 3·2; ANOVA P < 0·001; Table 3 ). The average BSS score was also significantly higher with kiwifruit than with Metamucil ® (4·2 v. 3·5).
Laxative use
Of participants, 92 % did not use laxatives at any point during the study. Of the 8 % (n 3) of participants who did require rescue laxatives, 5·2 % were during the kiwifruit intervention, whilst 3·4 % took laxatives during the Metamucil ® intervention.
Overall gastrointestinal symptoms
Participants rated their degree of gastrointestinal discomfort using the GSRS. Fifteen questions relating to gastrointestinal discomfort were rated on a 1-7 scale (no discomfort to very severe discomfort). Following Svedlund et al. (21) , the GSRS data were grouped into five subscales or domains (Table 4) .
There were significant improvements in the three domains of constipation, abdominal pain, and indigestion, compared with baseline, after consuming kiwifruit. In contrast, there was a significant improvement from baseline for only the constipation domain for those consuming Metamucil ® . When comparing the kiwifruit intervention with the Metamucil ® intervention, there were no significant differences between the two interventions except for in the indigestion domain, where the kiwifruit treatment significantly improved symptoms of indigestion in relation to Metamucil ® (1·87 v. 2·33).
Rome III status
Individuals were classified as FC or IBS-C using the Rome III criteria at initial screening and over the course of the study at each visit. At screening, there were twenty-three people classified as IBS-C and nine classified as FC. Over the course of the study, the classification of participants into the FC and IBS-C groups was variable (Table 5) . McNemar's test showed that the test statistic had a value of 0 (P = 1·000) and the changes observed were not significant.
Compliance
Plasma vitamin C concentrations were also measured at the beginning and end of each intervention period (as a measure of compliance with the kiwifruit intervention). The kiwifruit intervention resulted in a significantly higher plasma ascorbate than in both the lead-in period (71·8 v. 60·1; ANOVA P < 0·001) and Metamucil ® intervention period (71·8 v. 52·7).
Dietary intake
Food intake. Measurement of the participants' habitual dietary intake without the inclusion of the two study products showed there was a significant decrease in total energy intake between the lead-in period (7942 kJ/d) and the kiwifruit intervention (7025 kJ/d; ANOVA P < 0·05). Whilst total energy intake decreased with the Metamucil ® intervention in comparison with the lead-in period and kiwifruit intervention, it was not significantly different. Total available carbohydrate decreased significantly during the kiwifruit intervention (175 g/d) compared with baseline (206 g/d; ANOVA P < 0·05), as did sugar intake (71 v. 87 g/d; ANOVA P < 0·05). Furthermore, there was a significant decrease in the quantity of PUFA ingested during the kiwifruit intervention (9 g/d) compared with that in the lead-in period (12 g/d; ANOVA P < 0·01). Dietary fibre intake decreased significantly during the Metamucil ® intervention and the kiwifruit intervention relative to baseline (ANOVA P < 0·01). K and Mg intake both decreased significantly from baseline during the Metamucil ® intervention and the kiwifruit intervention compared with baseline (ANOVA P < 0·01). Overall there were no significant differences in any of the nutrients measured when comparing the kiwifruit intervention and Metamucil ® intervention. Table 6 shows the average daily intake measured using the 3 d diet records for all participants in both intervention periods.
Intake of fruits, vegetables and meat. During the kiwifruit intervention, the average intake of fruit per d decreased by 0·4 pieces of fruit per d in comparison with baseline (ANOVA P < 0·05; Table 7 ). There were no significant differences for either meat or vegetable intake. When compared with the Metamucil ® intervention, there were no significant differences in fruit, meat or vegetable intake during the kiwifruit intervention. The count of serves of fruit per d excludes the kiwifruit supplied for the trial intervention.
Discussion
In this randomised, single-blind, controlled trial the daily consumption of three gold-fleshed kiwifruit was associated with an increase of greater than two CSBM per week when compared with not consuming kiwifruit and of greater than one CSBM when compared with Metamucil ® . It also improved symptoms of gastrointestinal discomfort in mildly constipated adults when compared with not consuming kiwifruit or when compared with consuming Metamucil ® which is recognised as a treatment for constipated individuals.
Measurement of CSBM as an indication of bowel function in constipated individuals is a robust and validated measure which takes into consideration the heterogeneous nature of constipation (12) . Sufferers can experience a range of symptoms and feelings, including frequent incomplete bowel movements with hard stools requiring an excessive amount of straining, which can be misleading when assessing bowel function accurately. An increase of greater than one CSBM per week is considered a clinically significant marker of improved bowel function in symptomatic individuals (23) . This trial is the first randomised controlled single-blinded study examining the effect of 'Zesy002' kiwifruit in mildly constipated adults, and provides preliminary evidence that the consumption of three 'Zesy002' kiwifruit daily can be considered as a treatment for constipation alongside recognised treatments such as Metamucil ® and its efficacy should be investigated further. In addition to a significant increase in the average number of CSBM per week for the kiwifruit intervention compared with the lead-in period and Metamucil ® intervention, consumption of three 'Zesy002' kiwifruit daily also showed a significant increase in the occurrence of CBM. There was also a general increase in SBM per week and overall bowel movement frequency. Metamucil ® consumption resulted in a non-significant increase in CSBM, CBM and SBM, showing that this intervention is also effective. Three kiwifruit per d equated to 360 g fruit and provided participants with 5 g of fibre per d. Participants were asked to consume 2·5 medicinal teaspoons of Metamucil ® , which equated to 14·5 g of powder containing 5 g fibre, to match that of three kiwifruit. The daily dosage suggested by the manufacturer of Metamucil ® is 1·5 teaspoons between one and three times daily, which would be between 8·9 and 26·5 g of powder, indicating that the dose used in this study is within the range of the recommended dose range.
Excessive straining due to constipation is a common phenomenon and can severely affect an individual's degree of comfort and quality of life (24) . This study demonstrated that consumption of three 'Zesy002' kiwifruit was associated with a significant reduction in straining and, whilst Metamucil ® also reduced straining, the effect was not as pronounced. This was accompanied by the change in stool consistency during the kiwifruit intervention compared with baseline and Metamucil ® , resulting in an increased frequency of softer stools as measured by the BSS. The BSS is widely used in clinical trials to categorise stool consistency determined by the different water contents in the stool, which reflect both rate of intestinal transit and water activity (24) . The study also showed a significant improvement in constipation, abdominal pain and indigestion associated with the consumption of three 'Zesy002' kiwifruit as measured by the GSRS. Gastrointestinal discomfort arising from constipation manifests in several different symptoms, which can have considerable impact on an individual's health (25) . The kiwifruit intervention was associated with a significantly reduced incidence of indigestion compared with baseline and this response was also significantly different from the reduction achieved by Metamucil ® . Abdominal pain was also significantly reduced from baseline with consumption of the kiwifruit. Furthermore, both the kiwifruit and Metamucil ® interventions were associated with a significant reduction in constipation compared with baseline.
There are several proposed mechanisms underlying how kiwifruit exerts its effect on constipation and gastrointestinal discomfort, but these are not yet fully elucidated. These are more fully explained in a recent paper by Bayer et al. (13) . These mechanisms are largely attributed to the nutrient profile of kiwifruit and the presence of both soluble and insoluble Diarrhoea  1·53  0·71  1·89  1·51  >0·05  1·44  0·68  >0·05  Indigestion  2·54  0·95  1·87* †  0·80  0·002  2·33  1·02  >0·05  Constipation  3·11  1·41  1·92*  1·16  <0·001  2·41*  1·43  <0·001  Abdominal pain  1·88  0·70  1·57*  0·61  <0·05  1·84  0·91  >0·05  Reflux  1·41  0·65  1·33  0·68  >0·05  1·35  0·57  >0·05 * Mean value was significantly different from that for the lead-in perood, based on least significant difference (P = 0·025). † Mean value was significantly different from that for Metamucil ® , based on least significant difference (P = 0·025).
fibre, which is thought to contribute to the beneficial demonstrated effect on laxation. The insoluble fibre has high water retention, whilst the soluble fibre is highly viscous and has a unique high cell wall water-holding capacity causing enhanced viscosity and swelling. This increases faecal bulk and helps to soften stools to assist in the movement of stools along the colon, relieving symptoms of constipation (13, 26) . Kiwifruit soluble fibre is also highly fermentable by the gut microflora, which has been shown to differ in constipated individuals from that of healthy individuals, with a relative decrease in obligate bacteria such as Lactobacillus, Bifidobacterium and Bacteroides and an increase in potentially pathogenic bacteria such as Firmicutes and Clostridium (26) . These changes may influence intestinal motility, with slower gastric emptying and colonic transit times observed and changes to the secretory functions occurring through modulation of the metabolic environment of the gut (13, 27, 28) . Kiwifruit also contains the proteolytic enzyme actinidin, which is thought to enhance protein digestion and gastric emptying, and may contribute to a reduction in gastrointestinal discomfort (13, 29) . The Rome criteria have been adopted as the international standard for diagnosis of functional gastrointestinal disorders and are widely recognised within the field (30) . The questionnaire defines the presence of symptoms relating to functional gastrointestinal disorders in an individual over a 12-week period. This study used the tool to monitor changes in the IBS-C status of trial participants on a 4-weekly basis and whilst some changes were observed, these were not statistically significant and not considered to be clinically relevant. Classification into the IBS-C group is determined by the amount of pain experienced by the individual which is the defining criterion that separates FC from IBS-C (31) . Pain has to be present for on average at least 1 d per week for the preceding 3 months and its severity related to defecation. It may also be associated with changes in stool frequency and stool form (2) . Symptom patterns in IBS patients are variable over time, with fluctuations in the symptomology common; thus episodes of certain symptoms such as pain can vary in their length and frequency and be unstable over short periods of time (31) . In 4-week periods of measurement, it is likely that this variation would have affected the responses given by our participants, which may account for the fluctuation in the classification of participants into the IBS-C or FC groups.
Dietary intake patterns were also assessed and showed that there was a significant decrease in the overall total energy intake between the baseline and the kiwifruit intervention, which may be attributed to participants adjusting their dietary intake to accommodate the inclusion of 360 g kiwifruit to their habitual intake. Studies have shown that including low-energy-dense foods such as kiwifruit in the daily diet can help individuals reduce their total daily energy intake since individuals eat a fairly consistent amount of food on a daily basis irrespective of the amount of energy the foods may or may not contain; thus overall energy intake is defined by the energy density of individual foods rather than the total amount of food eaten (32) . Inclusion of Metamucil ® into the * Mean value was significantly different from that for the lead-in period, based on least significant difference (P = 0·025).
diet also resulted in a reduction of total energy intake although this was not significant. Research has shown that both fruits and fibre have a satiating effect, and inclusion of these items in the diet can result in overall decreased energy intake (33) . Participants reported consuming less total kJ per d than the recommended daily intake although intakes of protein and total fat were within the recommended range (34) . Participants also had higher than recommended intakes of sugar, Na and saturated fat which is consistent with societal trends and common in diets where high quantities of processed food items are available (35) . It is, however, commonly acknowledged that the accuracy of diet records is questionable in that people do not always pay attention to the food that they are eating, do not remember everything, do not know the ingredients of the foods they are listing and underestimate portion size (36) . In general, however, the small number of changes that were observed do not suggest that participants changed their dietary practices significantly over the 4-month study period. The average daily fruit, vegetable and meat intakes were also measured during the study and as expected, the average intake of other fruits during the kiwifruit intervention fell, presumably to compensate for the study product. There were no other significant differences observed in vegetable and meat intake. The participants in this study were free-living individuals and dietary intake was not controlled. These diet records provide only a snapshot of food habits and these self-reporting tools are challenging in their degree of reliability (36) . The focus of this study was to observe the impact of kiwifruit on gastrointestinal health irrespective of habitual dietary intake although to reduce confounding, participants were asked to avoid foods with a known laxative effect such as prunes, liquorice and probiotic products which may have affected the study results. It is recognised, however, that including a more thorough analysis of the diet would have given a more comprehensive picture of the dietary influence on bowel health. In order to obtain more rigorous information relating to dietary intake, it would require participants to complete further diet records and preferably incorporate accurate weights and ingredient lists of the foods consumed. Taking into account the length of this study and the high level of participant participation required to complete the daily/weekly questionnaires, it was considered that this would raise the level of participant burden and possibly contribute towards non-compliance to an already demanding study protocol. Further studies in this area could address this question.
The palatability and tolerability of the study products were rated as high by participants and no adverse effects relating to either of the study products were reported. Compliance was reported as high, with 91 % of participants reporting that they took the interventions as requested. Plasma vitamin C measurements were also taken to support the subjective reporting of compliance and this showed a significant increase during the kiwifruit intervention period. It must be noted that there were some anomalies in the amounts of plasma ascorbate across the trial, with large changes from one intervention to the next that were difficult to attribute to the study products. Studies (37) have shown that plasma vitamin C concentrations are easily influenced by certain confounding factors such as body size, smoking, supplement use, bioavailability, nutrient intake, food processing and disease status, which are difficult to control and may inhibit or enhance absorption, affecting the nutrient's circulating concentration. Additionally, measurement of plasma vitamin C in an individual is affected by their initial vitamin C concentrations. It is also more difficult to demonstrate any further effect from supplementation in subjects who have a high or saturating concentration of vitamin C at baseline (50-70 µmol/l) (38) . In our present study, more than 85 % of participants had mean baseline amounts of plasma vitamin C that were greater than 50 µmol/l. The test does remain, however, a further measure of compliance in addition to self-reported consumption of kiwifruit.
This study had several strengths and limitations. The major limitation was the inability to blind subjects to the whole food interventions that they were receiving and, therefore, bias may have been introduced through the preconceived ideas held by individuals relating to the effect of kiwifruit and/or Metamucil ® on constipation. Furthermore, while participants were asked to avoid foods known to affect bowel habits, changes in participants' diets which may have affected the transit of food through the gastrointestinal tract may not have been accounted for in the study.
The small sample size was also a limitation of the present study and may have increased the margin of error. The original intention of the study was to recruit fifty participants to achieve 80 % power with 5 % significance. However, because of difficulty recruiting within the New Zealand kiwifruit season (June-November) and to maintain uniformity of the fruit avoiding seasonal variations that can affect the fruit's characteristics, only thirty-five participants were recruited within this recruitment window. Of these, thirty-two individuals completed. Retrospectively, a post hoc power calculation was performed, based on thirty-two participants and demonstrated a power of 75 % with P < 0·05 significance to show a difference of one CSBM per week.
The intention of the present study was to determine the efficacy of consuming three 'Zesy002' kiwifruit daily in increasing CSBM, stool form, digestive symptoms and comfort in constipated individuals as compared with baseline and an active control product, Metamucil ® . Analysis of the data was performed using 'per-protocol' analysis; hence data from three participants were excluded. Per-protocol analysis is considered to better reflect the effects of a treatment when taken in the optimal manner but may introduce 'attrition bias' reducing the similarity amongst the population characteristics when large numbers of participants are removed (39) . Hence this may be considered a limitation of this study. Due to the very small number of participants who did not complete the trial, however, the effect of this type of analysis and the introduction of bias is thought to be minimal. Recruitment of only female participants to the study also weakened the strength of the study, as it limits the extrapolation of these results to the population as a whole (40) . The female-only cohort was not deliberate and may have occurred for a variety of reasons. Constipation and IBS occur more commonly in women than in men, which may be related to hormonal factors, stress responses, sex-related differences in autonomic and antinociceptive responses, and also psychological responses (40, 41) . Women also tend to approach health professionals more frequently for help relating to health issues in general (42, 43) . The use of whole fruit was a strength of this study even though it was a limitation with regard to blinding. Use of the whole fruit ensured that any effects observed were due entirely to the fruit and its natural state rather than to any changes that may have occurred during processing or preparation. Studies have shown that whole-fruit consumption can have markedly different effects on health outcomes from consumption of individual components of the fruit, such as fruit juice (44) . The cross-over design also strengthened this trial, as it allowed for each participant to act as their own control, reducing the effect of intra-personal variation which is observed naturally in any individual's bowel habits.
Conclusions
This randomised, controlled study demonstrated that consumption of three A. chinensis var. chinensis 'Zesy002' (Zespri 'Zesy002' were also well tolerated, efficacious and safe. This is the first study assessing the impact of 'Zesy002' on stool frequency and gastrointestinal discomfort, and the results suggest that SunGold kiwifruit has some potential as a possible alternative therapy for constipation. Further studies in this area are required to replicate these findings in other populations and to ascertain a deeper understanding of the mechanisms of action that may be driving these results. These will help to confirm and grow the evidence for 'Zesy002' kiwifruit as a whole food which can be incorporated into the daily diet as a treatment for improving symptoms in mildly constipated individuals.
